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1
CLOCK CYCLE COMPENSATOR AND THE
METHOD THEREOF

BACKGROUND

1. Field of Invention

The present invention relates to an integrated circuit. More
particularly, the present invention relates to a clock cycle
compensator and the method thereof.

2. Description of Related Art

Along with the manufacturing process scaling down in
recently years, the environmental degradation becomes an
issue on integrated circuits. For example, negative bias tem-
perature instability (NBTI) degradation leads to a variation on
a threshold voltage of the P-type metal-oxide-semiconductor
field-effect transistor (MOSFET), and the variation affects a
stability and a performance of an integrated circuit. For
example, as the NBTI degradation impacts on a clock gen-
eration circuit in a dynamic random access memory
(DRAM), a duty cycle of a clock signal generated from the
clock generation circuit may be shifted. Further, in certain
cases, the NBTI degradation may causes a failure in the
DRAM.

Referring to FIG. 1, the effect of the NBTI degradation on
a system clock signal is schematically shown. At time of
beginning (i.e., timing axis, Time 0), the original effective
in-system operational duty cycle range 100, EISODCR,, is
denoted as EISODCR,=DC,+DC,, where the DC, is the
intrinsic duty cycle center point of the system clock signal and
+DCy is range of the duty cycle of the system clock signal. At
time x, the time after the NBTI degradation, the correspond-
ing effective in-system operational duty cycle range 120,
EISODCRy, is denoted as EISODCR=DC +DC,+DCDy,,
where +DCD is the time shifted by the NBTI degradation. In
other words, the NBTI degradation effectively shifts the
intrinsic duty cycle by DCD,, which may cause certain poten-
tial clocking issues.

Therefore, a heretofore-unaddressed need exists for com-
pensating the NBTI degradation to address the aforemen-
tioned deficiencies and inadequacies.

SUMMARY

One aspect of the present invention is to provide a clock
cycle compensator for compensating any types of the envi-
ronmental degradation. The clock cycle compensator com-
prises an input buffer, an output buffer, a delay lock loop, a
duty cycle controlling module, and a bimodal polarity control
unit. The input buffer is configured for generating an input
reference clock signal. The output buffer is configured for
generating a system clock signal. The delay lock loop is
electrically connected between the input buffer and the output
buffer, and the delay lock loop is configured for locking a duty
cycle center of a system clock cycle of the system clock
signal. The duty cycle controlling module comprises a duty
cycle detection unit and a duty cycle compensation unit. The
duty cycle detection unit is configured for detecting a current
system duty cycle of the system clock signal. The duty cycle
compensation unit is configured for determining a duty cycle
correction amount according to a gap between the current
system duty cycle and a target duty cycle. Further, the duty
cycle compensation unit generates a compensation signal
according to whether the duty cycle correction amount
exceeds a threshold amount or not. The bimodal polarity
control unit is configured for changing a polarity of the input
reference clock signal on the input buffer according to the
compensation signal.
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2

According to one embodiment of the present invention, the
bimodal polarity control unit changes the polarity of the input
reference clock signal to a first voltage level when the duty
cycle correction amount exceeds the threshold amount and
the current system duty cycle is greater than the target duty
cycle.

According to another embodiment of the present invention,
the bimodal polarity control unit changes the polarity of the
input reference clock signal to a second voltage level when
the duty cycle correction amount exceeds the threshold
amount and the current system duty cycle is smaller than the
target duty cycle.

Another aspect of the present invention is to provide a
method for compensating a system duty cycle of a system
clock signal. The method in one embodiment comprises the
following steps: locking a duty cycle center of the system
duty cycle by a delay lock loop; detecting a current system
duty cycle of the system clock signal; determining a duty
cycle correction amount, wherein the duty cycle correction
amount is a gap of the current system duty cycle from a target
duty cycle; and changing a polarity of an input reference
clock signal according to whether the duty cycle correction
amount exceed a threshold amount or not.

In the foregoing step of changing a polarity of an input
reference clock signal in another embodiment of the present
invention comprises the step of changing the polarity of the
input reference clock signal to a first voltage level when the
duty cycle correction amount exceeds the threshold amount
and the current system duty cycle is greater than the target
duty cycle.

In the foregoing step of changing a polarity of an input
reference clock signal in yet another embodiment of the
present invention comprises the step of changing the polarity
of the input reference clock signal to a second voltage level
when the duty cycle correction amount exceeds the threshold
amount and the current system duty cycle is smaller than the
target duty cycle.

These and other features, aspects, and advantages of the
present invention will become better understood with refer-
ence to the following description and appended claims.

It is to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
following detailed description of the embodiment, with ref-
erence made to the accompanying drawings as follows:

FIG. 1 schematically shows an affect of the NBTI degra-
dation on a system clock signal;

FIG. 2 schematically shows a clock cycle compensator
according to one embodiment of the present invention;

FIG. 3 schematically shows a chain logic gates according
to one embodiment of the present invention; and

FIG. 4 schematically shows a flow chart of the method
shown according to one embodiment of the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.
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Environmental degradation may cause an issue of stability
onintegrated circuits. For example, negative bias temperature
instability (NBTT) degradation, the positive bias temperature
Instability (PBTI) degradation, the channel initiated second-
ary electron (CHISEL) and the gate-induced drain leakages
(GIDL) are common environmental degradations, which may
affect the parameter of integrated circuits. For demonstration
purposes only, the following embodiments are discussed at
the case of NBTI degradation.

Referring to FIG. 2, a clock cycle compensator is schemati-
cally shown according to one embodiment of the present
invention. The clock cycle compensator 200 includes an input
buffer 210, an output bufter 220, a delay lock loop 230, a duty
cycle controlling module 240 and a bimodal polarity control
unit 250. The input buffer 210 is configured for generating an
input reference clock signal, where the input reference clock
signal has the bimodal polarity, such as logic “1” and logic
“0”. The output buffer 220 is configured for generating a
system clock signal. The delay lock loop 230 is electrically
connected between the input buffer 210 and the output buffer
220, and the delay lock loop 230 is configured for locking a
duty cycle center of a system clock cycle of the system clock
signal. The duty cycle controlling module 240 is electrically
connected to the output buffer 220, and the duty cycle con-
trolling module 240 comprises a duty cycle detection unit 242
and a duty cycle compensation unit 244. The duty cycle
detectionunit 242 is configured for detecting a current system
duty cycle of the system clock signal. The duty cycle com-
pensation unit 244 is configured for determining a duty cycle
correction amount according to a gap between the current
system duty cycle and a target duty cycle. Then, the duty cycle
compensation unit 244 generating a compensation signal
according to whether the duty cycle correction amount
exceeds a threshold amount or not. For example, it is assumed
that the target duty cycle is set as 50%, the threshold amount
is set as 5%, and the current system duty cycle detected from
the duty cycle detection unit 242 is 60%. According to the
current system duty cycle, the duty cycle compensation unit
244 determines the duty cycle correction amount is 10%, and
generates a corresponding compensation signal, such as logic
“1”. In contrast, it is assumed that the current system duty
cycle detected from the duty cycle detection unit 242 is 53%.
According to the current system duty cycle, the duty cycle
compensation unit 244 determines the duty cycle correction
amount is 3%, which is smaller than the threshold amount,
and generates the corresponding compensation signal, such
as logic “0”. The bimodal polarity control unit 250 is config-
ured for changing the polarity of the input reference clock
signal on the input buffer according to the compensation
signal.

In addition, the aforementioned delay lock loop 230 further
comprises a duty cycle corrector 232 for correcting a duty
cycle error detected from the duty cycle detection unit 242.
The duty cycle error, for example, could be the clock signals
distorted by the variation of the manufacturing process and so
on.

In one embodiment, the bimodal polarity control unit
changes the polarity of the input reference clock signal to a
first voltage level when the duty cycle correction amount
exceeds the threshold amount and the current system duty
cycle is greater than the target duty cycle. For example, it is
assumed that the target duty cycle is set as 50%, the threshold
amount is set as 5%, and the current system duty cycle detect
from the duty cycle detection unit is 60%. According to the
current system duty cycle, which is greater than the target
duty cycle, the duty cycle compensation unit determines the
duty cycle correction amount is 10%, which exceeds the
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threshold amount, and then duty cycle compensation unit
generates the corresponding compensation signal logic “1”.
Further, the first voltage level is set as a high voltage level (i.e.
logic “17) to correct the system clock cycle when the circuitry
of'the system is an even number of chain logic gates. Or, the
first voltage level is set as a low voltage level (i.e. logic “0”)
to correct the system clock cycle when the circuitry of the
system is an odd number of chain logic gates.

Referring to FIG. 3, a chain logic gates is schematically
shown according to the aforementioned example. The even
number of the chain logic gates 300 comprises four inverters
301~304 connected in cascade. As previously mentioned,
NBTI degradation (or any equivalent degradation) causes a
threshold voltage of the P-type MOSFET varied. Input logic
“1” to the inverter 301 during the NBTI degradation will
cause input to the inverter 302 and the inverter 304 are logic
“0”, which will cause the threshold voltage of the P-type
MOSFET in the inverter 302 and the inverter 304 increasing.
So, the pull up ability in the inverter 302 and the inverter 304
are weaker, which leads to output of the even number chain
logic gates 300 has longer rising time and the output duty
cycle of the even number chain logic gates 300 is reduced.
Therefore, in the aforementioned example, the first voltage
level is set as a high voltage level to compensate the NBTI
degradation when the circuitry of the system is the even
number of chain logic gates.

In additional, as shown in FIG. 3, the odd number chain
logic gates 320 comprises three inverters 321~323 connected
in cascade. Input logic “0” to the inverter 321 during the
NBTI degradation will causes input to the inverter 323 is logic
“0”, which will cause the threshold voltage of the P-type
MOSFET inthe inverter 323 increasing. So, the pull up ability
in the inverter 323 is weaker, which leads to output of the odd
number chain logic gates 320 has longer rising time and the
output duty cycle of the odd number chain logic gates 320 is
reduced. Therefore, in the aforementioned example, the first
voltage level is set as a low voltage level to compensate the
NBTI degradation when the circuitry of the system is the odd
number of chain logic gates.

In another embodiment, the bimodal polarity control unit
changes the polarity of the input reference clock signal to a
second voltage level when the duty cycle correction amount
exceeds the threshold amount and the current system duty
cycle is smaller than the target duty cycle. For example, it is
assumed that the target duty cycle is set as 50%, the threshold
amount is set as 5%, and the current system duty cycle detect
from the duty cycle detection unit is 40%. According to the
current system duty cycle, which is smaller than the target
duty cycle, the duty cycle compensation unit determines the
duty cycle correction amount is 10%, which exceeds the
threshold amount, and then duty cycle compensation unit
generates the corresponding compensation signal logic “0”.
Further, the second voltage level is set as the low voltage level
(i.e. logic “0”) to correct the system clock cycle when the
circuitry ofthe system is the even number of chain logic gates.
Or, in contrast, the first voltage level is set as the high voltage
level (i.e. logic “1”) to correct the system clock cycle when
the circuitry of the system is the odd number of chain logic
gates.

In the same way to illustrate, for example, input logic “0”
to the inverter 301 during the NBTI degradation will cause
input to the inverter 301 and the inverter 303 are logic “0”,
which will cause the threshold voltage of the P-type MOS-
FET in the inverter 301 and the inverter 303 increasing. So,
the pull up ability in the inverter 301 and the inverter 303 are
weaker, which leads to the output of the even number chain
logic gates 300 has longer falling time, thus resulting in the
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output duty cycle of the even number chain logic gates 300 is
reduced. Therefore, in the aforementioned example, the sec-
ond voltage level is set as the low voltage level to compensate
the NBTI degradation when the circuitry of the system is the
even number of chain logic gates.

Similarly, input logic “1” to the inverter 321 during the
NBTI degradation will causes input to the inverter 322 is logic
“0”, which will cause the threshold voltage of the P-type
MOSFET in the inverter 322 increasing. So, the pull up ability
in the inverter 322 is weaker, which leads to output of the odd
number chain logic gates 320 has longer falling time, thus
resulting in the output duty cycle of the odd number chain
logic gates 320 increasing. Therefore, in the aforementioned
example, the second voltage level is set as the high voltage
level to compensate the NBTI degradation when the circuitry
of the system is the odd number of chain logic gates.

In yet another embodiment, the bimodal polarity control
unit toggles the polarity of the input reference clock signal
when the duty cycle correction amount remains within the
threshold amount. For example, the target duty cycle is set as
50%, the threshold amount is set as 5%, and the current
system duty cycle detect from the duty cycle detection unit is
53%. According to the current system duty cycle, which is
greater than the target duty cycle, the duty cycle compensa-
tion unit determines the duty cycle correction amount is 3%,
which remains within the threshold amount, and then duty
cycle compensation unit generates the corresponding com-
pensation signal. The bimodal polarity control unit toggles
the polarity of the input reference clock signal in accordance
the corresponding compensation signal for maintaining the
current system duty cycle.

In another aspect of present invention is to provide a
method for compensating a system duty cycle of a system
clock signal. Referring to FIG. 4, a flow chart of the method
is schematically shown according to one embodiment of the
present invention.

The method for compensating the system duty cycle of the
system clock signal comprises the step oflocking a duty cycle
center of the system duty cycle by a delay lock loop (step
410). Then, detecting a current system duty cycle of the
system clock signal (step 420). Determining a duty cycle
correction amount (step 430), wherein the duty cycle correc-
tion amount is a gap of the current system duty cycle from a
target duty cycle. Further, changing a polarity of an input
reference clock signal according to whether the duty cycle
correction amount exceed a threshold amount or not (step
440).

Moreover, in the step 440 of changing a polarity of an input
reference clock signal, the method 400 further comprises
changing the polarity of the input reference clock signal to a
first voltage level when the duty cycle correction amount
exceeds the threshold amount and the current system duty
cycle is greater than the target duty cycle (step 442).

For example, it is assumed that the threshold amount is set
as 5%, a target duty cycle is set as 50%, and the current system
duty cycle is 60%. The duty cycle correction amount is 10%,
which is exceeds the threshold amount. The polarity of an
input reference clock signal is changed to logic “1” (i.e. the
first voltage level) to compensate the current system duty
cycle when the circuitry of the system is the even number of
chain logic gates.

As described above, in contrast, the polarity of an input
reference clock signal is changed to logic “0” (i.e. the first
voltage level) to compensate the current system duty cycle
when the circuitry of the system is the odd number of chain
logic gates.
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Similarly, in the step 440 of changing a polarity of an input
reference clock signal, the method 400 further comprises
changing the polarity of the input reference clock signal to a
second voltage level when the duty cycle correction amount
exceeds the threshold amount and the current system duty
cycle is smaller than the target duty cycle (step 444).

For example, it is assumed that the threshold amount is set
as 5%, a target duty cycle is set as 50%, and the current system
duty cycle is 40%, which is smaller than the target duty cycle.
The polarity of an input reference clock signal is changed to
logic “O (i.e. the second voltage level) to compensate the
current system duty cycle when the circuitry of the system is
the even number of chain logic gates.

In addition, in the above example, the polarity of the input
reference clock signal is changed to logic “1” (i.e. the second
voltage level) to compensate the current system duty cycle
when the circuitry of the system is the odd number of chain
logic gates.

Further, in the step 440 of changing a polarity of an input
reference clock signal, the method 400 further comprises
toggling the polarity of the input reference clock signal when
the duty cycle correction amount remains within the thresh-
old amount (step 446). For example, the target duty cycle is
set as 50%, the threshold amount is set as 5%, and the current
system duty cycle detect from the duty cycle detection unit is
53%. The corresponding duty cycle correction amount is 3%,
which remains within the threshold amount. Thus, the polar-
ity of the input reference clock signal is toggled in accordance
the duty cycle correction amount for maintaining the current
system duty cycle.

The above description shows a clock cycle compensator
and the method thereof. Although the all said embodiments
discussed the case of NBTI degradation, this invention is
applicable to any types of environmental degradation which
eventually shows the impacts on the clock signal of the sys-
tem, suchas PBTI, CHISEL, GIDL and so on. The clock cycle
compensator and the method thereof improve stability and
performance in the clock generation circuit.

Although the present invention has been described in con-
siderable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.

What is claimed is:

1. A clock cycle compensator, comprising:

an input buffer for generating an input reference clock
signal;

an output buffer for generating a system clock signal;

a delay lock loop electrically connected between the input
buffer and the output buffer, wherein the delay lock loop
is configured for locking a duty cycle center of a duty
cycle range of the system clock signal;

a duty cycle controlling module, comprising:

a duty cycle detection unit for detecting a current system
duty cycle of the system clock signal; and

a duty cycle compensation unit for determining a duty
cycle correction amount according to a gap between
the current system duty cycle and a target duty cycle,
the duty cycle compensation unit generating a com-
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pensation signal according to whether the duty cycle
correction amount exceeds a threshold amount or not;
and

a bimodal polarity control unit for changing a polarity of

the input reference clock signal on the input buffer
according to the compensation signal,

wherein the bimodal polarity control unit toggles the polar-

ity of the input reference clock signal when the duty
cycle correction amount remains within the threshold
amount, and the threshold amount is other than 0.

2. The clock cycle compensator of claim 1, wherein the
delay lock loop further comprises a duty cycle corrector for
correcting a duty cycle error detected from the duty cycle
detection unit.

3. The clock cycle compensator of claim 1, wherein the
bimodal polarity control unit sets the polarity of the input
reference clock signal to a first voltage level, when the duty
cycle correction amount exceeds the threshold amount and
the current system duty cycle is greater than the target duty
cycle.

4. The clock cycle compensator of claim 3, wherein the
bimodal polarity control unit sets the polarity of the input
reference clock signal to a second voltage level, when the
duty cycle correction amount exceeds the threshold amount
and the current system duty cycle is smaller than the target
duty cycle.

5. The clock cycle compensator of claim 1, wherein the
target duty cycle is set as 50% and the threshold amount is set
as 5%.

6. A method for compensating a duty cycle range of a
system clock signal, the method comprising steps of:

locking a duty cycle center of the duty cycle range by a

delay lock loop;
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detecting a current system duty cycle of the system clock
signal;
determining a duty cycle correction amount, wherein the
duty cycle correction amount is a gap of the current
system duty cycle from a target duty cycle; and
changing a polarity of an input reference clock signal
according to whether the duty cycle correction amount
exceed a threshold amount or not,
wherein changing the polarity of an input reference clock
signal comprises:
toggling the polarity of the input reference clock signal
when the duty cycle correction amount remains
within the threshold amount, and the threshold
amount is other than 0.
7. The method of claim 6, wherein in the step of changing
a polarity of an input reference clock signal, the method
further comprises:
setting the polarity of the input reference clock signal to a
first voltage level, when the duty cycle correction
amount exceeds the threshold amount and the current
system duty cycle is greater than the target duty cycle.
8. The method of claim 7, wherein in the step of changing
a polarity of an input reference clock signal, the method
further comprises:
setting the polarity of the input reference clock signal to a
second voltage level, when the duty cycle correction
amount exceeds the threshold amount and the current
system duty cycle is smaller than the target duty cycle.
9. The method of claim 6, wherein the target duty cycle is
set as 50% and the threshold amount is set as 5%.
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